Bio-monitoring of air quality in Amman City was investigated by analyzing 36 cypress tree (Cupressus semervirens L.) bark samples from three sites of different anthropogenic activities at the end of summer season 2001. Cypress barks were found to be a good bio-indicator for air pollution in arid regions. Variation in Pb, Zn, Mn, Cr, Ni, Cd, and Cu contents between sites was observed due to different types of activities. Traffic emissions were found to be the main source of heavy metal pollution in the atmosphere of Amman. Lead content was found to be the highest in highly traffic density areas. The industrial part of the city was characterized by high Zn, Mn, Cr, Ni, and Co contents. No significance variations were found in pH values of the bark between the sites. This was attributed to buffering effect of carbonate in the atmosphere originated from soil of the area. D
Introduction
Modern civilization introduces a wide range of pollutants to the atmosphere through various activities. Most of the heavy metals are essential elements to living organisms, but their excess amount are generally harmful to plants and animals; the poison of heavy metals depends a great deal on their chemical form, concentrations, residence time, etc. (WHO, 1972; Schubrek, 1974; Mielke and Reagan, 1988) . Traffic emissions on roads are the main cause of heavy metal accumulation on the surrounding environment including vegetation, which might have an ecological effect on them. Elevated levels of heavy metals in urban and industrialized areas atmosphere are reported in many parts of the world (e.g. Hampp and Höll, 1974; Ward et al., 1974; Grodzinka, 1977; Karandinos et al., 1985; Momani et al., 2000; Odukoya et al., 2000; Scerbo et al., 2002) . Casselles (1998) found that some heavy metals such as Pb decrease in the leaves of plants with increasing distance from the road.
Heavy metals in bark may originate from different sources, such as atmospheric deposition (wet and dry), soil, through fall, etc., but mainly from the atmosphere (Satake et al., 1996; Al-Asheh and Duvnjake, 1997; Odukoya et al., 2000) . As it is difficult to separate these sources from each other, total heavy metal content in tree barks was determined in this study.
There are many ways to monitor air pollution: (1) measure concentrations of air (Tanaka and Ichikuni, 1982; Bellis et al., 2001; Jiries et al., 2002c) or rainwater (Ganor and Foner, 1996; Chung et al., 1999; Jiries et al., 2001 ) and soil (Turer et al., 2001; Sheppard et al., 2000; El-Hasan, in press ), which are expensive and the contamination risk is greater than in analyzing bio-indicators. (2) The use of bio-indicators, which are easy to collect, cheaper, and have higher concentrations than air and rainwater (Maranon and Sastre, 1991; Walkenhorst et al., 1993; Kuik and Wolterbeek, 1994; Vazquez et al., 1994; Huhn et al., 1995; Wolterbeek et al., 1996) .
Numerous different bio-indicators are used in monitoring air pollution, such as mosses, lichens, vascular plants, woody plants, etc. Both the broad-leaved and coniferous tree barks are used in studies of air pollution (Löstschert and Köhm, 1978; Grodzinka, 1982; Lippo et al., 1995; Huhn et al., 1995; Adeniyi, 1996) .
Tree barks did not collect sensitively heavy metals and other pollutants unlike mosses because they take their nutrients from rainwater. However, tree bark can be used as an indicator for other various pollutants, such as electrical conductivity, pH, sulphur, nitrogen, and heavy metals. Thus, they are suitable indicator in urban and industrial areas, where other bio-indicators are very little (Löstschert and Köhm, 1978; Grill et al., 1981; Karandinos et al., 1985; Kreiner and Härtel, 1986; Santamaria and Martin, 1997) . Many different factors have an effect on the collecting of heavy metals in bark surface, such as heavy metal quantities in air, physiological and chemical properties of the bark, through fall, soil factors, contamination of other plants, climatic factors, etc. Barnes et al. (1976) showed that rough barks accumulate metals more than smooth barks. The setting of heavy metals is not simply accumulated, but the surface of the bark influences as it has cation exchange functions (Kreiner and Härtel, 1986; Farmer et al., 1991) .
However, other studies had shown that barks of broadleaved and conifer trees are good bio-indicators. In the present investigation, only cypress trees (Cupressus semervirens L.) were chosen, as they are the most widespread tree species in the country.
Atmospheric pollution in Amman had received little attention and most of these investigations were unpublished reports. However, Jiries et al. (2002b, in press) had detected elevated levels of polycyclic aromatic hydrocarbons and heavy metals in street dust of Amman, and it was attributed to vehicular activities at these sites. Heavy metal contamination of the atmosphere at ground level in Amman was detected by the use of dew (Jiries, 2001 ); Jiries found that fossil fuel combustion during the winter season was the major source of these metals . Jaradat et al. (1997) found that Cl, NO 3 , and SO 4 were the major anions of air particulate in Amman. Momani et al. (2000) found that zinc was the major heavy metal pollutant in the settleable as well as suspended particulate in the atmosphere of Amman. High lead concentrations that were attributed to vehicle emission sources were reported in Amman City center (Jaradat et al., 1999) .
The aim of this work was to investigate and assess the heavy metal pollution in the atmosphere of Amman city using cypress tree (C. semervirens L.) barks as a bioindicator. The result could be used as preliminary baseline data for trace elements concentrations in the ecosystems for future assessment and monitoring.
Study area settings, sampling, and analytical methods

Study area
Amman is the capital city of Jordan, which has an elevation of around 950 m above sea level; it was established in 1948, and since then, rapid population growth took place in the last few decades that, at present day, it covers an area of around 160 km 2 with total inhabitants of around 2 million, which is around half the population of Jordan. The city suffered from high traffic density caused by more than 300,000 vehicles; only very small number of these vehicles uses unleaded fuel. There are medium-sized industrial activities in the eastern part of the city, which have a local effect on air pollution as westerly winds prevail during winter seasons, which cause the transportation of pollutants outside the city (El-Hasan, in press). However, during summer time, the wind is mostly quiet and rarely reaching 14 knots, and lasts only for a few hours. Therefore, air pollution in Amman is mainly from vehicular emissions and fossil fuel combustion for heating purposes during winter seasons.
In Jordan, with its Mediterranean climate, rainfall occurs only in winter season extending from November till April. The average annual rainfall in the investigated area ranged between 157 and 335 mm/year with an average of 250 mm/ year. Relative humidity during daytime is relatively low ranging from 37% in July to 70% in January (Meteorology Department, 2001 ).
Sampling and analysis
The cypress bark tree is acidic as in other coniferous trees, so pH measurements of cypress bark are not so good indicator of air pollution. The bark samples were collected along the major ways in Amman. Three different kinds of sites were chosen for the study (Fig. 1) . These are sites located along industrial areas with medium traffic (site 1), sites located on the highly trafficked main roads in commercial and non-industrialized areas (site 2), and sites located in residential areas with low traffic activities (site 3). The reference area was a background site at 10 km far from major anthropogenic activities outside Amman City.
Cypress trees of about the same age (5 -7 years) situated along the sides of the main ways were selected, and around 100 g of the outer 5 mm of the bark at 2 m above the ground level was removed using stainless steel knife. The bark used in the study has a rough and hard surface.
Bark samples were prepared by washing with distilled water and drying them at 105 jC for 48 h; the dried samples were then grounded, homogenized by sieving them through 2-mm plastic sieve to remove large particles.
Analyzing methods of heavy metals were done by digesting 1 g from each pre-washed and dried bark samples with 10 ml of 50% HNO 3 solution, and left overnight. The digested samples were ultrasonicated for 1 h and heated in a test tube heater for another 1 h at 90 jC (Hewitt and Candy, 1996) . The final extracts were filtered into 25-ml polyethylene volumetric flasks through 45-Am filters, then diluted to the mark with 1% (v/v) HNO 3 solution. Heavy metals, cadmium, cobalt, chromium, iron, manganese, copper, nickel, lead, and zinc were determined using Berkin Elmer AAS Analyst 300, with graphite furnace HGA 800, and auto-sampler AS 72. The (Fluka Chemika) reference standard solutions were used in monitoring the analytical accuracy; the error for all analyzed elements was within 5% of the certified references. Furthermore, in order to check sample homogeneity and uncertainties related to analysis of the samples, duplicate samples analysis was performed in addition to re-analyzing the standards every few runs. Electrical conductivity and pH values of bark samples were determined according to an earlier developed method of Staxäng (1969) and Härtel and Grill (1972) and applied by Poikolainen (1997): 1.5 g of bark mixed with 15-ml deionized water and left for 24 h. Electrical conductivity and pH of the extracted bark samples were determined using WTW conductivity meter (LF 320) and WTW 525 pHmeter, respectively.
Results
Heavy metal concentrations in tree bark samples from the three sampling sites in addition to the background samples are presented in Table 1 . The results indicate that all heavy metals are higher in industrial and heavily traffic areas relative to residential and background areas (Fig. 2) , where higher Mn, Zn, Ni, Co, and total heavy metals characterize the industrial sites, whereas areas of high traffic are dominated by elevated concentrations of Pb, Cd, Fe, and Cr, as it can be deduced from Fig. 3 .
There are many high significant correlation coefficient between heavy metals in all sampling sites, such as Pb vs. Zn, Cd, and Co (r = 0.86, 0.77, and 0.75, respectively), Ni vs. Fe, Co, Zn, and Cr (r = 0.79, 0.81, 0.73, and 0.86, respectively), and also Zn vs. Co (r = 0.99) ( Table 2) . Generally, there are two groups of elements, Fe, Ni, Zn, and Cr, and Pb, Cd, and Co. This indicates that these sites were influenced by a different source of pollution, most probably vehicular emission and motor vehicle tires wheel for Pb, Cd, Co, and Zn, whereas, Fe, Ni, Mn, and Cr are major components of the industry dumping areas and automobile parts corrosion; in addition to that, they form an essential part of the soil of the investigated area.
Analysis of variance (ANOVA) was used to compare the significant difference in the mean concentration of heavy metals between the sampling sites ( Table 3 ). The results showed that there is a significant difference in heavy metals between the sites for Pb, Cd, and Cu, whereas no significant difference was found for the rest of the elements. This can be attributed to different anthropogenic activities between the sites. There is no significant relationship between the electrical conductivity, pH, and any of the heavy metals, which was evidenced from (1) limited variations in pH values in addition to higher EC values with limited variability in all sites and (2) contrary to that, heavy metals are highly variable between all sites.
Discussion
All the three sites are polluted in heavy metals compared with the background samples as it can be deduced from Table 1 . Even though the concentrations at site 3 are slightly lower, it is still higher than background values. Meanwhile, insignificant difference between sites 2 and 3 was found except for Cu, as the two sites are not far from each other; in addition to that, heavy metals in the atmosphere could easily travel from one site to another. Moreover, the relationships between heavy metals at these three sites are illustrated in Fig. 3 . It is clear that there is a slight difference in concentration between sites 1 and 2, which could be due to industrial activities at site 1 as it showed higher concentration with respect to Zn, Cu, Mn, Ni, and Co. On the other hand, site 2 is relatively enriched in Cd, Fe, and Pb, which confirms the automobile emissions source.
The industry and urbanization as a major source of heavy metal pollution are known by many (e.g. Hampp and Höll, 1974; Garty et al., 1977; Truby, 1988; Ho and Tai, 1988; Bohm et al., 1998; Pichtel et al., 2000) . Turkan et al. (1995) found that mosses and pine bark are heavily polluted in the industrialized areas.
The data shows that concentration of lead in tree bark in Amman (257.4 -330.3 Ag/g) was almost two orders of magnitude higher than tree barks at Nikko-Japan, (Satake et al., 1996) . These results are comparable for nearly all heavy metal concentrations obtained by Ho and Tai (1988) . They found that concentrations of various heavy metals in urban city of Hong Kong are high in soil and grass samples; the Pb in grass is about (134 ppm), which is about the half of Pb contents in the present work. They correlate them to higher traffic density and the extent of aerial deposition volume of heavy metals.
The chief source of lead is mainly the use of leaded gasoline in the 20th century (Satake et al., 1996) . This could be attributed to higher use of leaded gasoline than Japan, as leaded gasoline is the predominant gasoline used in Jordan, and to the higher dry deposition due to arid climate. In Europe, Pb concentrations of the barks are in the range of background study area values; they are < 5 ppm (in places, even < 1 ppm) (Lukashev, 1994; Lippo et al., 1995; Poikolainen, 1997) . The lead deposition has diminished considerably in Europe in the last decades because of the common use of unleaded gasoline and lower dry deposition rate, as humid climate is prevailing. Heavy metal concentrations of the bark are generally found to correlate very well with the heavy metal deposition (Löstschert and Köhm, 1978; Huhn et al., 1995; Schulz et al., 1999) .
Mn occurred in a wide range and relatively low concentrations in all sites. The low concentrations could be due to the very limited use of unleaded gasoline in Jordan (Jiries et al., 2002a) . The possible sources of these metals are the addition of tetraethyl lead to petrol to boost the octane number of gasoline used. Mn and Ni are higher in industrial and residential areas, which might be attributed to the fact that Mn and Ni are fuel additives just as Pb, especially in burning fuels (diesel) used in factories and residential heating systems (Loranger and Zayed, 1994) .
The relatively high pH values compared with other studies mainly in Europe (Grodzinka, 1977) and in Kola Peninsula (Poikolainen, 1997) are due to buffering effect of calcite in the mineral that dominates the dust of the central region of Jordan, which originated from the carbonates that are the principle rocks of the investigated area (Jiries et al., 2002c) .
The electrical conductivity of the bark ranged from 576 to 2350 As. This high value can be attributed to rough bark surfaces and dry deposition. The process can be as follows.
(1) Dry climate did not allow dust to be washed continuously, which caused long residence time and higher accumulation. (2) Part of the dust is captured in the fissures of (Table 3) .
Conclusions
Cypress barks were found to be a good bio-indicator for air pollution in arid regions. Pb, Zn, and Cu are the most pronounced elements detected by the cypress tree barks. The variation in heavy metals concentrations between the studied sites is due to heavy traffic volume and industrialized activities. However, traffic emission was found to be the main source of metal pollution in the atmosphere of Amman, although tree bark was washed from suspended dust particulate. No significance variations were found in pH values between the sites, which were attributed to buffering effect of carbonate in the atmosphere. Electrical conductivity is high in all sites, which may be attributed to the high rate of dry deposition as the study area is classified as arid region.
